woO 2019/099046 A 1 |0 0000 T 000000 0 00 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2019/099046 Al

23 May 2019 (23.05.2019) WIPOIPCT

(51) International Patent Classification:
E21B 43/10 (2006.01) E21IB 21/10 (2006.01)

(21) International Application Number:
PCT/US2017/062528

(22) International Filing Date:
20 November 2017 (20.11.2017)

(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: HALLIBURTON ENERGY SERVICES,
INC. [US/US]; 3000 N. Sam Houston Parkway E., Hous-
ton, TX 77032-3219 (US).

(72) Inventors: HELMS, Lonnie, Carl, 17031 Stones Riv-
er Lane, Humble, TX 77346 (US). ARDOIN, Kevin,
Wendell; 25318 Auburn Bend Drive, Spring, TX 77389
(US). YELDELL, Stephen, Allen; 19907 Pine Wind Dri-
ve, Humble, TX 77346 (US). CORNEJO, Julio, Alber-
to; 13806 New Village Lane, Sugar Land, TX 77498
(US). ACOSTA, Frank, Vinicio; 3635 Cottage Pines
Lane, Spring, TX 77386 (US). NIEBLA, Saul, Emmanuel
Vazquez, 12618 Crockett Bend Lane, Humble, TX 77346

(74)

@81)

84

(US). HERNANDEZ, Rafael; 1818 Cherry Bend Drive,
Houston, TX 77077 (US).

Agent: RAHHAL, Anthony, L. et al.; McAfee & Taft,
Tenth Floor, Two Leadership Square, 211 North Robinson,
Oklahoma City, OK 73102 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(54) Title: FULL BORE BUOYANCY ASSISTED CASING SYSTEM

15 24
"\//";g/\v LSITRY ‘“\/Q}g\(/ SN

]
I
]

(57) Abstract: A buoyancy assist tool has an outer case with a rupture disk assembly connected therein. The buoyancy assist tool
defines the upper end of a buoyancy chamber in a well casing. A sleeve in the outer case traps the rupture disk membrane after it has

ruptured to provide full bore flow through the casing.

[Continued on next page]



WO 2019/099046 A1 |10 0000 000 0T O

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— of'inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))



WO 2019/099046 PCT/US2017/062528

FULL BORE BUOYANCY ASSISTED CASING SYSTEM

BACKGROUD

[00001] The length of deviated or horizontal sections in well bores is such that it is
difficult to run well casing to the desired depth due to high casing drag. Long lengths of
casing create significant friction and thus problems in getting casing to the toe of the well
bore. Creating a buoyant chamber in the casing utilizing air or a fluid lighter than the
well bore fluid can reduce the drag making it easier to overcome the friction and run the

casing to the desired final depth.

BRIEF DESCRIPTION OF THE DRAWINGS

[00002] FIG. 1 is a schematic cross section view of an exemplary well bore with a well
casing therein.

[00003] FIG. 2 is a cross section of a buoyancy assist tool.

[00004] FIG. 3 is a cross section of the buoyancy assist tool moved to a second position.

[00005] FIG. 4 is an alternative embodiment of a buoyancy assist tool in the second
position.

[00006] FIG. 5 is the embodiment of FIG. 4 after the rupture disc has ruptured.

[00007] FIG. 6 is the embodiment of FIG. 4 in the second position.

SUMMARY
[00008] The current disclosure is directed to a well casing with a buoyancy chamber. The
well casing comprises a plurality of casing joints with a float device connected in the well
casing. The float device defines a lower end of the buoyancy chamber. A pressure
barrier, which may be a rupture disk in the well casing, defines an upper end of the
buoyancy chamber. A sliding sleeve is disposed in the well casing and is movable from
first to second positions in the well casing. In the second position the sleeve will trap a
burst rupture disk membrane against an inner surface of the well casing. The sleeve may
comprise a sliding sleeve which is a collet sleeve movable from the first to the second
positions. In one embodiment the rupture disk is ruptured when a pressure in the casing
above the rupture disk reaches a predetermined rupture pressure. Likewise, in an

embodiment the sliding sleeve moves from first to second positions upon the application
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of a predetermined hydraulic pressure in the well casing which will move the sleeve. The
sleeve may define an upper end for receiving a plug or ball delivered into the well casing.
The upper end may define a plug seat. In one embodiment the hydraulic pressure will
move the sleeve from the first to the second positions after the plug engages the seat. The
plug will be released from the sleeve upon the sleeve reaching the second position in the
well thereby leaving an unobstructed bore for the passage of well equipment
therethrough. '

[00009] In another embodiment a buoyancy assist tool comprises an outer case defining a
groove therein. The buoyance assist tool includes a pressure barrier which may comprise
a rupture disk assembly. The rupture disk assembly comprises a rupture disk body and
rupture disk membrane received in the outer case, wherein the rupture disk body is
mounted in the groove. A sleeve is movable from first position in the outer case after the
rupture disk ruptures. In the first position the sleeve may extend into the outer case and
in the second position the sleeve will completely cover the rupture disk body and will
provide for unobstructed full bore flow through the outer case. The outer case is
connected to casing joints thereabove and therebelow and comprises a part of a well
casing.

[00010] In one embodiment the sleeve will trap at least a portion of the rupture disk
membrane against an inner surface of the outer case when the sleeve is in the second
position. The sleeve may completely cover the rupture disk membrane when it is in the
second position and trap the entire rupture disk membrane against an inner surface of the
outer case in the second position after the rupture disk ruptures. In another embodiment a
well casing comprises the buoyancy assist tool with a float device connected therein. The
buoyancy assist tool and the float device define the upper and lower ends of a buoyancy
chamber. The sleeve will move from a first to a second position in one embodiment
when a predetermined pressure is reached in the well casing above the sleeve. Likewise,
in one embodiment the rupture disk membrane will rupture upon application of a
predetermined pressure in the well casing above the rupture disk. In one embodiment the
rupture disk is a hinged rupture disk.

[00011] In another embodiment disclosed herein a well casing comprises a plurality of

casing joints with a buoyancy assist tool connected therein. The buoyancy assist tool is
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connected at its upper and low ends to casing joints. The well casing comprises the
plurality of casing joints with the buoyancy assist tool connected therein. A float device
connected in the well casing is spaced from the buoyancy assist tool and the buoyancy
assist tool and float device define the ends of a buoyancy chamber, The buoyancy assist
tool in one embodiment comprises a pressure barrier that is destructible or rupturable and
a sleeve movable from first to second positions in the well casing. In the second position
the sleeve will cover the pressure barrier after the pressure barrier has been ruptured to
provide full bore flow through the casing.

[00012] In an embodiment the buoyancy assist tool may comprise an outer case defining
upper and lower recesses therein. The sleeve in the buoyancy assist tool has a plurality of
latches that will be received in the upper recess in the first position and in a lower recess
in the second position. In one embodiment the latches are positioned at the end of the
sleeve. In an additional embodiment the latches are spaced from both the upper and
lower ends of the sleeve and extend radially outwardly from a generally cylindrical outer
surface of the sleeve. The sleeve may comprise a plurality of slits radially spaced around
the circumference thereof. The slits are generally longitudinally spaced from and do not
reach either of the upper and lower ends of the sleeve. The pressure barrier in one
embodiment comprises a rupture disk assembly. The rupture disk assembly may
comprise a rupture disk body and a rupture disk membrane connected thereto. The
rupture disk assembly may comprise a hinged rupture disk in which a rupture disk
membrane is hinged to the rupture disk body or may comprise a rupture disk assembly of

a type in which the membrane bursts generally at the center thereof.

DETAILED DESCRIPTION

[00013] In the following description, directional terms such as above, below, upper, lower,
uphole, downhole, etc., are used for convenience in referring to the accompanying
drawings. One who is skilled in the art will recognize that such directional language
refers to locations in the well, either closer or farther from the wellhead and that various
embodiments of the inventions described and disclosed herein may be utilized in various
orientations such as inclined, deviated, horizontal and vertical.

[00014] Referring to the drawings, a well 10 comprises a well bore 12 with a well casing

15 therein. Well bore 12 has a vertical portion 16 and a highly deviated or horizontal
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portion 18. Well casing 15 comprises a plurality of casing joints 17, as reflected by the
dashed lines in FIGS. 2-6. Casing joints 17 may have an inner diameter 19. Well casing
15 defines a buoyancy chamber 20. Buoyancy chamber 20 has upper end 22 and lower
end 24. Buoyancy chamber 20 will be filled with a buoyant fluid which may be a gas
such as nitrogen, carbon dioxide, or air, but other gases may also be suitable. The
buoyant fluid may also be a liquid such as water or diesel fuel or other light liquid. The
important aspect is that the buoyant fluid have a lower specific gravity than the well fluid
in the well bore 12 in which the well casing 15 is run. The choice of gas or liquid, and
which one of these are used, is a factor of the well conditions and the amount of
buoyancy desired.

[00015] A float device 25 such as a float shoe, float collar or other known float device
defines the lower end or lower boundary 24 of buoyancy chamber 20. A rupture disk tool
30 which may be referred to as a buoyancy assist tool defines the upper end or upper
boundary 22 of buoyancy chamber 20.

[00016] Buoyancy assist tool 30 comprises an outer case 32 with upper and lower ends 31
and 33. A pressure barrier, which may comprise a rupture disk assembly 44, is
positioned in outer case 32. Outer case 32 comprises an upper case portion 34 connected
to a lower case portion 36. Upper and lower case portions 34 and 36 of buoyancy assist
tool 30 are connected to casing joints 17 at the upper and lower ends 31 and 33,
respectively. Outer case 32 defines an inner surface 38 which defines a passage 40
therethrough. Outer case 32 has a minimum inner diameter 39. A groove 42 is defined
in inner surface 38 and may be for example defined by and bétween upper and lower case
portions 34 and 36 of outer case 32. Rupture disk assembly 44 comprises a rupture disk
body 46 with a rupture disk membrane 48 connected thereto. Rupture disk assembly 44
is a pressure barrier that will hold pressure sufficient to keep buoyancy chamber 20
closed at the upper end 22 thereof until such time as it is desired to uncap or open upper
end 22,

[00017] Buoyancy assist tool 30 is used in methods of installing and floating casing 15 in
well 12. Running a casing in deviated wells and long horizontal wells often results in
significantly increased drag forces and may cause a casing string to become stuck before

reaching a desired location. For example, when the weight of the casing produces more
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drag forces than the available weight to slide the casing down the well, the casing may
become stuck. If too much force is applied to the casing string damage may occur.
Buoyancy assist tool 30 described herein helps to alleviate some of these issues and at the
same time provides for a full bore passageway so that other tools or objects such as for
example production packers, perforating guns and service tools may pass therethrough
without obstruction after the well casing 15 has reached the desired depth.

[00018] Buoyancy assist tool 30 includes a sleeve 52 which may be a sliding sleeve 52.
Sleeve 52 defines a bore 54 therethrough with an inner diameter 55. Sleeve 52 may
comprise a collet sleeve 52 with collet heads 56 at the end of collet fingers 58. Collet
heads 56 define an inner diameter 57 and may define a plug seat 60 for receiving a plug
or ball displaced into well casing 15. Sleeve 52 is movable from a first position 62 in
well casing 15 to a second position 64. Inner diameter 57 in the second position may be
equal to, or greater than minimum inner diameter 39 of outer case 32. Outer case 32 has
an upper recess 68 in inner surface 38 and a lower recess 70. In first position 62 collet
heads 56 are received in upper recess 68 and in second position 64 collet heads 56 are
received in lower or second recess 70. In one embodiment sleeve 52 may have a lower
end that extends into rupture disk body 46 in first position 32.

[00019] In operation well casing 15 will be lowered into well bore 12. Buoyancy chamber
20 will aid in the proper placement of casing 15 in that it will reduce friction as well
casing 15 is lowered into horizontal portion 18 until a desired final depth is reached.
Once the final depth is reached pressure in well casing 15 can be increased to a pre-
determined pressure at which the rupture disk membrane 48 of buoyancy assist tool 30
will burst. In the embodiment of FIG. 2, rupture disk membrane 48 is of a type that will
burst generally in the center thereof so that of membrane 48 after rupture will still be
connected to rupture disk body 46 around a periphery thereof.

[00020] After rupture disk membrane 44 has burst or ruptured the fluid in buoyancy
chamber 20 will be released, and sleeve 52 may be moved to the second position 64. In
second position 64 sleeve 52 will completely cover the rupture disk membrane 48 such
that there is no obstruction or blockage to tools or equipment to be passéd through well
casing 15. Sleeve 52 will capture the ruptured membrane 48 such that it is trapped

between sleeve 52 and inner surface 38 of the outer case 32. Because the ruptured
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membrane 48 is completely trapped and provides no obstruction, full bore flow through
well casing 15 is provided. As is apparent from the drawings the inner diameter 39 of
bore 40 and/or inner diameter 57 of sleeve 52, whichever is smaller may be substantially
the same as the diameter 19 of one of casing joints 17 such that the buoyancy assist tool
30 in the second position 64 provides a full bore passageway. In some instances, the
inner diameter 57 of sleeve 52 may be slightly smaller than inner diameter 19 of casing
joints 17 but nonetheless will not provide any obstruction and will be large enough such
that other devices such as service tools, perforating guns, and production packers may be
passed therethrough. It will be understood that the list of tools and equipment provided
herein is exemplary and is in no way limiting.

[00021] Sleeve 52 may be moved from the first position 62 to the second position 64 in a
number of ways. For example, a plug or ball 80 may be delivered into well casing 15 so
that it will seat on and engage seat 60 on sleeve 52. Once ball 80 is seated, the hydraulic
pressure in well casing 15 can be increased to a predetermined pressure at which sleeve
52 will move from the first position 62 to the second position 64. Collet heads 56 will be
pushed from upper recess 68 and will snap or extend radially outwardly into lower recess
70. Once collet heads 56 extend outwardly into lower recess 70, ball 80 or other type of
plug will pass though sleeve 52 leaving a full open bore for passage of well equipment
and devices.

[00022] There are a number of other ways in which sleeve 52 may be configured to move
from the first to the second positions. For example, sleeve 52 may be constructed with a
differential area such that hydraulic pressure in well casing 52 may move sleeve 52
without the need for a ball or plug. The sleeve 52 may also be moved
electromechanically with a solenoid valve or can be manipulated by radio frequency (RF)

tag initiation.

[00023] FIGS. 4, 5 and 6 show an additional embodiment of a buoyancy assist tool 100.
Buoyancy assist tool 100 is similar to buoyancy assist tool 30, but includes a hinged type
rupture disk assembly as opposed to the rupture disk assembly disclosed and described
with respect to the embodiment of FIGS. 2 and 3. Buoyancy assist tool 100 has outer
case 102 with an upper end 104 and lower end 106. Outer case 102 comprises upper case

portion 108 and lower case portion 110 both of which may be connected into a casing
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string and thus have casing joints 17 connected thereto. Upper case portion 108 has
lower end 109. Outer case 102 defines an inner surface 112 which defines flow passage
114 therethrough. The minimum inner diameter of outer case 102 may comprise for
example a minimum inner diameter 116 which is the most restrictive diameter in outer
case 102. Inner diameter 116 is generally about the same as diameter 19 of casing joint
17 and is sized to allow passage of well equipment therethough.

[00024] A groove 120 is defined in inner surface 112 and in the embodiment disclosed is
defined by and between upper and lower case portions 108 and 110 respectively. Thus,
lower end 109 of upper portion 108 and a shoulder 111 on lower portion 110 define the
ends or boundaries of groove 120.

[00025] A rupture disk assembly 122 comprising a rupture disk body 124 and rupture disk
membrane 126 are received and held in outer case 102. Rupture disk body 124 is
received in groove 120 and rupture disk membrane 126 is connected to rupture disk body
124. As is depicted in the figures, groove 120 may be an eccentric groove and have a
greater depth on a portion of inner surface 112 to provide for the hinged connection of
rupture membrane 126 to rupture disk body 124.

[00026] A sleeve 130 has upper end 132 and lower end 133. Sleeve 130 comprises an
inner surface 136 which defines bore 138 therethrough. Bore 138 defines inner diameter
139 which may be equal to or slightly larger than the minimum inner diameter 116.
Sleeve 130 has a plurality of radially spaced apart slits 140 which provides for flexing of
sleeve 130. Slits 140 are positioned between ends 132 and 133 and do not reach the ends
thereof. A plurality of heads or latches 142 extend radially outwardly from an outer
diameter 144 defined on outer surface 145 of sleeve 130. Heads 142 are longitudinally
spaced from ends 132 and 133.

[00027] Sleeve 130 is movable in outer case 102 from the first position 146 shown in FIG.
4 to the second position 148 shown in FIG. 6. In first position 146 the lower end 133 of
sleeve 130 may extend into rupture disk body 124. As described with respect to the
embodiment of FIG. 2 buoyancy assist tool 100 will define the upper end or upper
boundary of a buoyancy chamber in a well casing. Once the well casing including
buoyancy assist tool 100 has been lowered to the desired depth rupture disk membrane

126 can be burst or ruptured by any manner known in the art. For example and as
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explained with respect with embodiment of FIG. 2 rupture disk membrane 126 may be
burst, or ruptured with a hydraulic pressure increase in the well casing. Once a
predetermined pressure is reached the rupture disk membrane 126 will rupture and will
move generally to the position shown in FIG. 5. The rupture disk membrane 126 is
shown as if it has completely moved to the vertical, but it is understood that the
membrane 126 may hinge and may angle outwardly into the flow pressure 112 prior to
the time rupture disk assembly 122 moves to second position 148.

[00028] Once rupture disk membrane 126 is ruptured sleeve 130 may be moved from the
first position 146 second positon 148. Sleeve 130 may be moved by displacing a ball or
into the well casing such that it engages sleeve. Once the ball 160 is engaged with sleeve
130 an increase in hydraulic pressure will move the sleeve 130 from first position 146 to
second .position 148. Latches 132 will be forced inwardly and will be released from an
upper recess 150 in inner surface 112 and will extend outwardly again into a lower recess
152 in outer surface 112 so that sleeve 130 is held in place in second position 148. In
second position 148 sleeve 130 completely covers the burst of rupture disk membrane
126. Rupture disk membrane 126 is captured between sleeve 130 and the inner surface
112 of outer case 102, In this way full bore flow through the well casing is re-established
and well devices and equipment as explained above may be passed through buoyancy
assist tool 100 and thus into and through the well casing. The embodiment of FIG. 4 like
the embodiment of FIG. 2 may include features such that the movement of the sleeve 130
is triggered electromechanically, by hydraulic pressure or RF actuation. In addition the
rupture disk can be ruptured by any number of methods including those described above

with respect to the embodiment of FIG. 2.

[00029] Thus, it is seen that the apparatus and methods of the present invention readily
achieve the ends and advantages mentioned as well as those inherent therein. While
certain preferred embodiments of the invention have been illustrated and described for
purposes of the present disclosure, numerous changes in the arrangement and
construction of parts and steps may be made by those skilled in the art, which changes are

encompassed within the scope and spirit of the present invention.
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What is claimed is:

1. A well casing with a buoyancy chamber comprising:

a plurality of casing joints;

a float device connected in the casing defining a lower end of the buoyancy chamber;

a rupture disk in the casing defining an upper end of the buoyancy chamber; and

a sliding sleeve disposed in the well casing and movable from first to second positions in
the well casing, wherein in the second position the sleeve traps a burst rupture disk membrane

against an inner surface of the casing.

2. The well casing of claim 1, the sliding sleeve comprising a collet sleeve movable from

the first to second positions.

3. The well casing of claim 1 wherein the rupture disk membrane is ruptured when a

pressure in the casing above the rupture disk reaches a predetermined rupture pressure.

4, The well casing of claim 1, wherein the sleeve moves from the first to the second
positions upon hydraulic pressure in the casing reaching a predetermined pressure required to

move the sleeve.

S. The well casing of claim 4, the sleeve defining a seat thereon for receiving a plug
delivered into the well casing, wherein hydraulic pressure in the casing moves the sleeve from

the first to the second positions after the plug engages the plug seat.

6. The well casing of claim 5, wherein the plug is released from the sleeve upon the sleeve
reaching the second position leaving an unobstructed bore for the passage of well equipment

therethrough.

7. A buoyancy assist tool for use in a well casing comprising:
an outer case;
a rupture disk comprising a rupture disk body and a rupture disk membrane disposed in

the outer case; and



WO 2019/099046 PCT/US2017/062528

a sleeve movable from a first position in the outer case to a second position in the outer
case after the rupture disk ruptures, wherein in the second position the sleeve completely covers
the rupture disk body and rupture disk membrane and provides unobstructed full bore flow

through the outer case.

8. The buoyancy assist tool of claim 7, wherein in the second position the sleeve traps the

rupture disk membrane after is has ruptured against an inner surface of the outer case.

9. The buoyancy assist tool of claim 8 wherein the rupture disk membrane is attached to the

rupture disk body after it ruptures.

10. A well casing defining a buoyancy chamber comprising the buoyancy assist tool of claim
7 and a float device connected in the well casing, wherein the buoyancy assist tool and the float

device define the upper and lower ends of the buoyancy chamber.

11.  The well casing of claim 10, wherein the sleeve moves from the first to the second

position when a predetermined pressure is reached in the well casing above the sleeve.

12.  The well casing of claim 10 wherein the rupture disk membrane ruptures upon the
application of a predetermined hydraulic pressure in the well casing above the rupture disk

apparatus.
13.  The well casing of claim 12, wherein the rupture disk is a hinged membrane rupture disk.

14. A well casing comprising:

a plurality of casing joints;

a buoyancy assist tool having upper and lower ends, the buoyancy assist tool being
connected to casing joints at the upper and lower ends thereof and forming a part of the well
casing; and

a float device connected to the casing and spaced from the buoyancy assist tool, the
buoyancy assist tool and float device defining the ends of a buoyancy chamber, the buoyancy
assist tool comprising:

a pressure barrier; and

10
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a sleeve movable from first to second positions wherein the sleeve covers the
pressure barrier in the second position of the sleeve to provide full bore flow through the

casing after the pressure barrier has been opened.

15.  The well casing of claim 14, the buoyancy assist tool further comprising an outer case
defining upper and lower recesses therein, wherein the slecve comprises a plurality of latches

receivable in the upper recess in the first position and in the lower recess in the second position.

16.  The well casing of claim 15, wherein the sleeve is a collet sleeve, and the latches are

defined at an upper end of the sleeve.

17.  The well casing of claim 15, wherein the latches are spaced from the upper end of the

sleeve.

18.  The well casing of claim 14, the sleeve defining a plurality of slits radially spaced around
the circumference of the sleeve, wherein the slits are longitudinally spaced from and do not reach

the upper and lower ends of the sleeve.

19.  The well casing of claim 14, wherein the pressure barrier comprises a rupture disk

assembly.

20.  The well casing of claim 19, wherein the rupture disk assembly comprises a rupture disk

body and a rupture disk membrane hingedly connected thereto.

11
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